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The inyention relates to processes for producing 
deuterium-enriched water ox- deuterium-enriched hydrogen in the 
course of producing hydrogen from a starting material or a mix- 
: tura of starting materials and water and relates to apparatus 
for carrying out such processes. 

The object of the invention is the combination of 
an industrial hydrogen-producing plant, in which hydrogen is 
obtained for a subsequent process producing ammonia, methanol or 
other products, with a process for producing deuterium-enriched 
wa ^ er . er hydrogen. A hydrogen-producing plant of this type is 
then much more economical, 3ince deuterium is obtained from the 
hydrogen and can be used to produce heavy water. 

: ,\-'v'(--' ;; vhtf »i»plest process would be to bring the water 

• of natural deuterium concentration used in hydrogen production 
v into contact with the hydrogen liberated in the hydrogen- 

' 'producing plant in order to enrich the water with deuterium. 
Such a process is not practical, however, since for direct 
* 0 * 0 P*.. ejte ! h . an 9 e the water supplied to the hydrogen- 

•?'JP«od» c i»» plant and the hydrogen produced in this plant there are 
' 7^.* nown cat * 1 y sts wJ, ich permit the temperature-dependent 

separating factors inquired for an economical yield, that is to 
r say , Uie extraction of sufficient deuterium from the hydrogen 

• supplied to the subsequent process, and sufficient enrichment of 
^ the water ■ ' - - : - *. • • 

>■•'•.-»■ ' . r ^ According to the present invention, a process is 

•■provided for producing deuterium enriched water or deuterium 
-•"■* i ^* d . ^ y ^9 en » characterised in that hydrogen is produced 
by a chemical reaction between water and a starting material or 

ot starting materials, further characterized In that 
w . a V* °* naturai deuterium concentration is brought into chemical 
i-iotope «*ah»nr+ Jn rrc*« *leu with cn enriched exchange allium, 
th water thus nriched being vaporized and being chemical 1« " 
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reacted in vapour form with th starting material r the mixture 
of starting mat rial, said process being further characterised 
in that the hydrogen produced in course of the chemical reaction 
ie brought into chemical isotope exchange in cress flow with the 
exchange medium depleted by the foregoing isotope exchange with 
water whereby the hydrogen is depleted and the exchange medium 
is enriched, the exchange medium being a substance different from 
water and containing a catalyst in dissolved form for the isotope 
exchange with hydrogen. 

Advantageously, the invention can be applied to 
hydrogen-producing plants in which hydrogen is obtained from 
carbon-containing starting materials or mixtures of materials, 
for example natural gas, the hydrogen being produced for ammonia 
synthesis, for example. 

Suitable exchange media are, for example, hydrogen 
sulphide, alcohols and ammonia; in cases iii which more than one 
exchange medium is used, and may be selected from this list and 
hydrogen may advantageously be used as the medium brought into 
v direct isotope exchange with water, although, as will be explained 
• below, this hydrogen is not identical with tha hydrogen liberate* 
. .In the hydrogen-producing plant. Advantageously, particularly 
;• to give a relatively high reaction speed, at least one consti- 
tuent of a medium used as exchange medium satisfies the formula 

■»<!. v. • 

7r signifying hydrogen or an alkyl group with at most five carbon 

atoms and R' an alkyl group with at most five carbon atoms. 
> * u !f tab ^ e * xchan 9 e nedla which "tisfy this formula are methyl 
famine, ethyl amine; propyl J^uoine/' butyl amine "and amy 1 amine in 
all the various isomeric fonns" and the corresponding secondary 
aliphatic amines such as dimethyl amine, diethyl amine and the ! 
higher homnlogues which h*»v? up tc rive carbon atos* in each ! ' 
alkyl group. * 
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Advantageously, a compound used as catalyst for 
isotope exchange satisfies the formula MeN<^ R . Suitable 
catalysts are, for example, potassium methyl amide, potassium 
dimethyl amide, sodium methyl amide, sodiun. dimethyl amide, 
lithium methyl amide, lithium dimethyl amide- potassium ethyl 
amide, potassium diethyl amide, Bodium ethyl amide, sodium 
diethyl amide, lithium ethyl amide, or lithium diethyl amide. 
The catalyst may, for example, be used in the form of a concen- 
trated solution in the intermediate carrier. 

If appropriate one of the exchange media mentioned 
above may merely be one constituent of a mixture with a medium of 
some other kind. 

In one particular form of the process of the inven- 
tion, only one exchange medium is used and this carrier is 
deuterium-depleted by Isotope exchange with vater and is then 
run in counter-current with the hydrogen liberated during 
hydrogen production and is deuterium-enriched by isotope exchange 
-.with this hydrogen, before being again brought into isotope 
• exchange with the first intermediate carrier. 

Hie present invention also includes an apparatus 
suitable for carrying out a process as claimed in claim 1 com-, 
prising a hydrogen producing plant, at least one exchanger for the 
deuterium-enrichment of water by isotope exchange with an exchange 
medium and at least one exchanger for the deuterium-enrichment 
of an exchange Medium by isotope exchange with the hydrogen from 
. the hydrogen producing plant. .-".^r • 

" .- v Because, in the process of the invention, the trans- 
fer of deuterium from the liberated hydrogen to water does not 
involve direct isotope exchange between these 




two media, but takes place with the h lp of at least one exchange 
medium, it is possible, using known catalysts and -favourabl , 
freely chosen isotope exeha-tge temperatures, to produce an 
extremely high deuterium yield and a high degree of deuterium 
enrichment of the water, and therefore to provide a highly 
economical industrial apparatus. 

The invention may be carried into practice in. 
various ways and two hydrogen-producing plants and their mode o£ 
operation will now be described by way cf example with reference 
to the accompanying drawings, in which j 

Figure 1 shows a plant in which only one exchange 
medium is used; and 

Figure 2 shows a modified form of plant using two 
exchanged media. 

The drawings are purely diagrammatic and, for the 
■\ sake of clarity, those elements of the plant which are not 
; essential to a comprehension of the Invention, for example heat 
" exchangers, pumps, compressors and the like, are omitted. 

• In the plant shown in Figure 1 hydrogen-producing 
■ \ apparatus 1 is supplied by _a line la with a hydrocarbon or a 
.-" hydrocarbon mixture, which is made to react with steam supplied 
along a line 2. The plant is of conventional construction and 
consists essentially of a "reformer" and a converter. The hydro— 
' gen liberated is removed from the plant along a line 3 with fur- 
.ther separation products and possibly steam. The separation 
products and the steam can then be separated by known means 
- (not shown), preferably situated on the flow route of the 
liberated hydrogen. I ; ' 

Hater of natural deuterium concentration is fed along 
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a line 4 into an exchanger 5 and there brought into isotope 
exchange vith a gaseous or vaporous exchange medium, in this 
example ammonia vapour, run in countarcurrenl. Fractionating 
columns 6, 7 are provided in the flow paths of the ammonia and 
water at the two opposite ends of the exchanger and serve to 
separate the ammonia and water. The separating plants are 
necessary when the intermediate carrier is water-soluble. 

The apparatus has another exchanger 8 in which the 
liberated hydrogen and liquified aanonia running in counter- 
current with it undergo isotope exchange. Whereas no catalyst 
' is required for isotope exchange between water and ammonia in 
exchanger 5, potassium amide may be used as a catalyst in 
exchanger 8. 

A further exchanger 9 is provided for transferring 
deuterium from the amsonia which remains in liquid form in an 
evaporator 10, and which contain, the catalyst, to ammonia vapour 
xr o» the fractional column 7. Before the ammonia reaches the 
^exchanger 9, a part of the flow is diverted, condensed in a 
^condensei 11 and combined with the deuterium-depleted ammonia 
and 'catalyst mixture leaving exchanger 9. An evaporator 12 i. 
pro vided ; upstream of the plant i in the line 2. in the plant 
possible connections for units for extracting deuterium-enriched 
Win order to produce h^avy water are shown diagrammatically. 
These units are designated 13, 14 and 15, the feed extraction lines 
13.; 14a and 15a and the return lines for depleted feed 13b, 14b and 
15 b. : ; The heavy-water producing unit or unit, may be of conventional 
design; and the invention is not restricted to a particular for. 
of .uch unit.. As far as the invention is concerned, . 
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„ nroc... «rri- «* i- 1 — - 

»«« frc. • natural • «« — " * " 

*.« the exchanger 5, through which it 
. WP U.d un«« pr..- • *. ^ ^ 

treses in counter-current with the amnon 

*lo„a . lina 16. When this aa-onia enter, the 
to the exchanger along a line x» 

it »av be deuteriu»-«nriched to, for example, appro* 

sr« - - — — - Ttn r 

: ..1. „t.r-.olubl. th. *» ' IOT °" " 

.Ml* i. «'« fc ..chafer .. 

1. th. fractionating column 6 and f «a lw* » ^ 

«t« which th. fr.cticn.tin, col— — 

" P ° Ur - " for - 3. i- in 

T l u ^ JT" -to contact «ith . 

::„ t «. - =r - 
:r:::r. - — — 

followed by a converter in wnac 

■ , nrmer iB oxi dized. Since the hydrogen contained in 
i„ the re<or~r U >~ - — 

the hydrocarbons haa a nat 
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trast to the steam which Is enriched, tor example, to €0 H, 
the concentration in the liberated hydrogen is lower than that 
in the steam. In the numerical example it is assumed that the 
concentration in the liberated hydrogen is 15 H, the water having 
previously been enriched to 60 H. The hydrogen now flows to the 
exchanger 8, whose operating temperature is for example -30*C. 
and whose operating pressure is approximately 100 atm. In this 
exchanger deuterium is transferred from the hydrogen to ammonia 
vapour running in countercurrent with it. In relation to the 
numerical example, the hydrogen may be depleted to, for example, 
0.21 N and then removed for use elsewhere, e.g. in an asnonia 
synthesis plant. 

the asnonia flowing through the exchanger 8 follows a 
closed circuit through this exchanger and the exchanger 5. 
The ammonia vapour depleted to, for example, about 1.05 H in 
exchanger 5 Is first fed to the fractionating column 7. Bars 
. the ammonia and water are separated. While the water produced 
as bottom product is recycled into the exchanger 5, some of the 
ammonia is fed to the exchanger 9. In this exchanger deuterium 
is transferred to the ammonia vapour by isotope exchange with 
some of the ammonia which has been enriched from, for example, 
about 1.05 8 to <0 N in the exchanger 8 and which has remained 
liquid in the evaporator 10, with the help of the catalyst, e.g. 
potassium amide, dissolved in this ammonia. The liquid aasfionia 
and catalyst are depleted to 1.05 H and are then combined with 
the. ammonia which was not fed to the exchanger 9, and which has 
been condensed in a condenser 11, whereupon *hey are returned to - 
the exchanger 8. The ammonia vapour which leaves the exchanger 



9, and which has been enriched to at least about 60 N, again 
undergoes isotope exchange with water in the exchanger 5, to- 
gether with the ammonia with • deuterium concentration of for 
example 60 N evaporated in the evaporator 10. 

As already explained, the extraction lines 13a, 14a, 
15a, and return lines 13b, 14b, 15b represent places in the 
apparatus to which heavy-water producing units Bay be connected. 
The choice of these connections depends on the particular case, 
and the invention is by no means restricted to particular 
locations. 

As is clear from the numerical example, a separation 
factor of approximately 5 is obtained between the water of 
natural deuterium concentration and the hydrogen supplied for 
further use, which leaves the exchanger 8 with a deuterium con- 
centration of 0.21 N. The required separation factor between 
the water of natural deuterium concentration and the liberated 
hydrogen is obtained without, however, bringing the water and 
- hydrogen into direct contact for the purpose of isotope exchange. 
The temperature at which isotope exchange take* place between 
the water and the intermediate carrier determines the water/ 
hydrogen separation factor governing the yield for the apparatus 
as a whole. 

The numerical example also shows how the invention 
permits a high deuterium yield, which is equivalent to high 
efficiency. The components of the heavy-water-producing unit 
can be made smaller due to the relatively high deuterium con- 
centration obtainable for the feed, and the power consumption 
can be reduced to a level much below that of apparatus receiving 
feed of uatural deuterium concentration. 



Even apparatus of the latter type, however, is made much juoie 
profitable since heavy water can be obtained almost as a by- 
product from industrial plant producing hydrogen for a subsequent 
process, for example ammonia synthesis. 

If desired, the deuterium enrichment of the feed 
nay be further increased by means of a "cascade" arrangement. 
For example, a further enrichment stage, identical in construc- 
tion to the apparatus shown in Figure 1, can be connected to the 
£low path of the water from the exchanger 5, as regards the water, 
and to the flow path of the hydrogen liberated in the hydrogen 
producing plant 1, as regards the hydrogen. A plurality of such 
stages may, of course, be combined to form a cascade. 

Apparatus employing two exchange media is illus- 
trated in Figure 2. 

The essential components of this apparatus are an 
exchanger 20 for isotope exchange between water of natural 
deuterium concentration and a first exchange medium, for example 
hydrogen, a -bithermal" stage with a hot exchanger 21 and a 
cold exchanger 22, and a hydrogen-producing plant 23. In this 
Figure, also, components such as pumps, compressors, heat 
exchangers and the like are omitted for clarity's sake. A 
suitable second exchange medium is,' for example, liquid ammonia. 

The process carried out in the apparatus shown 

operates as follows. 

Water with an initial concentration of 1 M is fed 
.long a line 24 into the exchanger 20, whose operating temperature 
lfl , for example, 170«C, and undergoes isotope exchange with 
hydrogen supplied to the exchanger with a concentration of 
approximately 20 N. The water is enriched to about 30 H and then 
evaporated in an evaporator 25 before flowing to the plant 23, in 
which, due* to a reaction with carboP-«™t»in<» 5 starting n-.tcrirl 
fed in along a line 23a, hydrogen is produced whose deut rium 



c ncentration nay, .(or example be 12 H. In the cold exchanger 22, 
operated at a temporaturrs of, for example, ~3Q m C, this hydrogen 
yields deuterium to the liquid ammonia forming the second ex- 
change medium and is depleted to approximately 0.3 N. The 
ammonia, enriched to about 60 N, flows to the hot exchanger where 
it is depleted to 1.5 N by isotope exchange with the hydrogen 
leaving the exchanger 20. The ammonia then returns to the ex- 
changer 22 to receive more deuterium from the hydrogen produced. 
Whereas the ammonia traverses both the exchangers in the bi- 
thennal stage and flows in a closed circuit, the circuit for the 
first exchange medium (hydrogen in this example contains the 
exchangers 20 and 21). The water content of the hydrogen de- 
pleted to 0.5 N in the exchanger 20 is separated in a liquid 
separator 26 and introduced into the line 24. The hydrogen now 
undergoes isotope exchange with ammonia in the hot exchanger, 
which is operated at a temperature of, for example, 55"C, and is 
enriched to about 20 N before returning to the exchanger 20 to 
transfer deuteriua to water. Beforehand liquid ammonia is 
separated from it in a liquid separator 27 and combined with the 
ammonia supplied to the exchanger 21. 

Sodium hydroxide may be used as catalyst in ex- 
changer 20 and potassium amide in exchangers 21 and 22. 

Enriched feed for the production of heavy water nay, 
■ for example, as in Figure 1, be extracted from the enriched water 
• before the latter enters the plant 23 or alternatively from the .. 
ammonia circuit after it leaves the exchanger 22 and before it 
enters the exchanger 21. 

" An advantage of the apparatus shown in Figure 2 
is that hydrogen can be use£ as exchange medium in the exchanger 
; 20, and since hydrogen is not water-soluble no fractionating 
col"Jcrr arc necied to ccptrcte the two wedia ur.de xgoii»g isotope 
exchange. As the numerical example shows, this apparatus, also. 




Yhu embodiments of the invention in which an exclusive 
property or privilege is claimed are defined as follows* 

1. J% process for producing deuterium enriched water or 
^euteriun enriched hydrogen, characterized in that hydrogen is 

produced by a chemical reaction between water and a starting 
material or a mixture of starting materials, further characteri- 
zed in that water of natural deuterium concentration is brought 
into chemical isotope exchange in cross flow with an enriched 
exchange medium, the water thus enrichea being vaporized and 
being chemically reacted in vapour form with the starting material 
. or the mixture of starting material, said process being further 

characterized in that the hydrogen produced In course of the 
\ chemical reaction is brought into chemical isotope exchange in 
^rossflow with the exchange medium depleted by the foregoing 
isotope exchange with water whereby the hydrogen Is depleted and 
the exchange medium is enriched, the exchange medium being a 
substance different from water and containing a catalyst in 
; -dissolved form for the isotope exchange with hydrogen. 

2. A process as claimed in claim 1 In which the hydrogen 
is obtained by means of a reaction between water and a carbon- 
containing starting material or mixture of materials. 

3. a process as claimed in claim 1 or claim 2 in which 
. V hydrogen sulphide is used as the exchange medium. 

:/'.jU>"; •;. ' : A process as claimed in claim 1 or claim 2 in which 
an alcohol is used as the exchange medium. 
\: 5. A process as claimed in claim 1 or claim 2 in which 

' ammonia is used as the exchange medium. 

6. "A process as claimed in claim 1 or claim 2 in which, 
at least one constituent of the exchange medium satisfies the 
formula HN\ R| 

R signifying hydrog n or an alkyl 9 ™m> with at mo*t five carbon 
at ms and R' an alkyl group with at roost five carbon atoms. 
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7. A process its claimed in claim 1 in which the isotope 
exchange is assisted by a catalyst comprising or containing a 
compound which satisfies tho formula McN^*, 

M« signifying an alkali metal, It signifying hydrogen or an alkyl 
group with at most five carbon atoms and R* an alky! group with 
at most five carbon atoms. 

8. A process as claimed in claim 1 in which isotope 
exchange between water and the exchange medium and isotope ex- 
change between the liberated hydrogen and the exchange Radium 
take place at different temperature/. 

9. Apparatus suitable for carrying out a process as 
claimed in claim 1 comprising a hydrogen producing plant, at 
least one exchanger for the deuterium enrichment of water by 
isotope change with an exchange medium and at least one 
exchanger for the deuterium enrichment of an exchange medium by 
isotope exchange with the hydrogen from the hydrogen producing 
plant. 

10. Apparatus as claimed in claim 9 in which a single 
exchange medium is used, the exchanger traversed in counter- 
current by water and the exchange medium being so situated on the 
flow route for the exchange medium that the latter runs in a 
closed circuit through this exchanger and the exchanger for iso- 
tope exchange with the libera cctl hydrogen, * condenser being pro- 
vided on the flow route for the exchange medium between its out- 
let from the exchanger traversed by water and its inlet into the 
exchanger traversed by liberated hydrogen, and an evaporator 
being provided between the exchange modiua outlet from the 
exchanger traversed by the liberated hydrogen and the inlet of 
the exchanger traversed by water. 

11. Apparatus ax claimed Jn clMa 10 which Is Adapted 
for use with a water-soluble exchange medium and which includas 
a fractionating column associated with each end f the exchanger 
traversed by water and the exchange medium. 



